To estimate the prevalence of surgically confirmed endometriosis in women undergoing laparoscopic or abdominal hysterectomy, including those with and without preoperative indications of chronic pelvic pain or endometriosis, and to describe characteristics and operative findings associated with surgically confirmed endometriosis in women undergoing hysterectomy for chronic pelvic pain.
OBJECTIVE:
To estimate the prevalence of surgically confirmed endometriosis in women undergoing laparoscopic or abdominal hysterectomy, including those with and without preoperative indications of chronic pelvic pain or endometriosis, and to describe characteristics and operative findings associated with surgically confirmed endometriosis in women undergoing hysterectomy for chronic pelvic pain.
METHODS:
A retrospective cohort study was performed with 9,622 women who underwent laparoscopic or abdominal hysterectomy for benign indications in the Michigan Surgical Quality Collaborative from January 1, 2013, to July 2, 2014. The prevalence of surgically confirmed endometriosis, determined by review of the operative report and surgical pathology, was calculated for the entire cohort and for subgroups of women with and without chronic pelvic pain or endometriosis. Multivariate logistic regression models were used to identify characteristics associated with surgically confirmed endometriosis at the time of hysterectomy among women with chronic pelvic pain.
RESULTS: Of the 9,622 hysterectomies available for analysis during the study period, 15.2% (n51,465) had endometriosis at the time of hysterectomy. Among the 3,768 women with a preoperative indication of chronic pelvic pain, fewer than one in four had endometriosis (806/3,768 [21.4%] ). Even among those with preoperative indication of endometriosis, many women did not actually have endometriosis at the time of hysterectomy (527/ 1,232 [42.8%]). The rate of unexpected endometriosis in women without a preoperative indication of chronic pelvic pain or endometriosis was 8.0% (434/5,457). Among women with a preoperative indication of chronic pelvic pain (n53,786), multivariate analysis showed endometriosis was more common in women of younger age, white race, lower body mass index, and those who failed another treatment previously. Among those with pelvic pain, oophorectomy was more commonly performed in women with surgically confirmed endometriosis than those without (47.4% compared with 33.3%, P,.001).
CONCLUSION: Fewer than 25% of women undergoing laparoscopic or abdominal hysterectomy for chronic pelvic pain have endometriosis at the time of surgery. 1,2 Although there are many potential gynecologic, urologic, gastrointestinal, and musculoskeletal causes of chronic pelvic pain, endometriosis is one of the most common conditions identified in this population. 3 Women with chronic pelvic pain or endometriosis frequently undergo hysterectomy; 10-32% of hysterectomies are performed for chronic pelvic pain and 5-19% are for endometriosis, although the amount of overlap between these groups is unclear. [4] [5] [6] [7] [8] [9] Despite the large number of hysterectomies performed each year, we do not know how often endometriosis is identified during hysterectomy. may be protective for endometriosis but evidence is inconclusive. [13] [14] [15] It is unknown whether these risk factors correlate with the presence of endometriosis at the time of hysterectomy for women with chronic pelvic pain. Further characterization of risk factors for endometriosis in women undergoing hysterectomy is needed to optimize surgical planning and patient counseling because hysterectomies involving endometriosis are often more technically challenging.
Our primary objective was to estimate the prevalence of surgically confirmed endometriosis in women undergoing laparoscopic or abdominal hysterectomy, including those with and without a preoperative indication of chronic pelvic pain or endometriosis. Second, we sought to describe preoperative characteristics associated with surgically confirmed endometriosis among women with chronic pelvic pain and to assess the effect of endometriosis on intraoperative findings and complication rates in this population.
MATERIALS AND METHODS
A retrospective cohort study was performed. Data were analyzed from the Michigan Surgical Quality Collaborative, a statewide group of 52 hospitals that voluntarily report perioperative surgical outcomes. Funded by Blue Cross and Blue Shield of Michigan/ Blue Care Network, this represents approximately 30% of Michigan hospitals, 60% of which are community-based. At each hospital, a trained, dedicated nurse researcher reviews the entire medical record and uses a standardized data collection instrument to abstract patient characteristics, operative findings, complications, pathology results, and postoperative outcomes. To reduce sampling bias, a standardized data collection methodology is used at each hospital that uses only the first 25 cases of an 8-day cycle (alternating on different days of the week for each cycle). The process of data abstraction is routinely validated through scheduled site visits, conference calls, and internal audits. The University of Michigan institutional review board provided "not regulated" status to this study (HUM00073978).
Benign abdominal and laparoscopic hysterectomies performed from January 1, 2013, to July 2, 2014, were included to determine the prevalence of surgically confirmed endometriosis at the time of hysterectomy. Specifically, we calculated the prevalence of surgically confirmed endometriosis in women with a preoperative indication of chronic pelvic pain, a preoperative indication of endometriosis, both indications, and neither indication. We then concentrated on women with a preoperative indication of chronic pelvic pain to determine preoperative characteristics and intraoperative findings associated with endometriosis.
Patients with an obstetric indication as well as endometrial, cervical, uterine, or ovarian cancer were excluded. Laparoscopic hysterectomies included traditional laparoscopy, robotic-assisted hysterectomy, and laparoscopic-assisted vaginal hysterectomy. Those undergoing vaginal hysterectomy were excluded given the limited visualization of the pelvis and decreased ability to identify pelvic endometriosis with this approach. Indications for hysterectomy were abstracted from the operative report, preoperative documentation, or both. The preoperative indication of chronic pelvic pain was considered present when the phrase "chronic pelvic pain" or "CPP" was identified in the outpatient clinic notes, preoperative history and physical, or operative note documenting that the surgery was being done for this indication. Similarly, additional preoperative indications of endometriosis, abnormal uterine bleeding, and fibroids were considered present when these terms were identified in the preoperative or operative documentation. Preoperative indications were not mutually exclusive and patients could have more than one indication.
The presence of endometriosis was determined by review of surgical pathology reports and the operative note. Trained nurse abstractors reviewed the entire operative report including the preoperative and postoperative diagnosis, findings, and the description of the procedure to determine presence and location of endometriosis in the abdomen and pelvis as described by the surgeon. Pathology reports were also reviewed and confirmation of endometriosis was defined as any description of endometriosis in the operative findings, histopathology, or both. Adenomyosis was not included in the diagnosis of endometriosis.
Outpatient clinic notes before surgery, the preoperative history and physical examination, and the operative reports were also reviewed using standardized data collection forms to obtain demographic data, preoperative characteristics, surgical findings, and operative complications. Demographic information examined included age, white or nonwhite race, and insurance status. Additional preoperative characteristics included parity; BMI; history of previous pelvic surgery; use of tobacco, alcohol, or immunosuppressive drugs for a chronic condition; previous treatments before hysterectomy; and indications for hysterectomy in addition to chronic pelvic pain. We also examined whether a patient had previously failed hormonal therapy, progestin intrauterine device, or pain management because these are common treatments for chronic pelvic pain. Any treatment attempt, regardless of duration, was considered a failure.
Analysis of concurrent indications for hysterectomy included an indication of abnormal uterine bleeding or uterine fibroids.
Intraoperative findings included the presence of adhesions, surgical complications, hemorrhage, estimated blood loss, conversion to laparotomy, operative time, specimen weight, and oophorectomy. Adhesions were classified as none, mild, moderate, or severe. Surgical complications included bowel, bladder, ureteral, or vascular injuries. Estimated blood loss was measured in milliliters and was classified as 100 or less, greater than 100 to 300 or less, greater than 300 to 500 or less, greater than 500 to 1,000 or less, and greater than 1,000 mL. Missing values and values equal to zero were excluded. Conversion to laparotomy was abstracted from the operative note and intraoperative records. The duration of surgery was split into 2-hour increments ranging from less than 2 hours to greater than 6 hours. Specimen weight was measured in grams and classified into less than 250, 250-499, 500-999, and 1,000 g or greater with potential outliers of less than 20 g or greater than 7,000 g removed.
Unilateral compared with bilateral oophorectomy was not an available variable in the Michigan Surgical Quality Collaborative database during the study period. We therefore defined the performance of oophorectomy based on pathology reports as previously defined in Karp et al. 16 Women who underwent oophorectomy had pathology reports that indicated incidental ovarian cancer, benign pathology (eg, dermoid, endometrioma, fibroma), or normal ovarian tissue. Women who did not undergo oophorectomy had pathology reports with both endometrium and myometrium described and no mention of ovarian tissue. If no ovarian tissue was mentioned in the pathology report but the uterus was not completely characterized, that is, myometrium and endometrium were not described, we considered this missing or insufficient data. The location of endometriosis was determined from the operative findings and ovarian pathology reports describing endometriomas.
Clopper-Pearson exact 95% confidence intervals (CIs) were calculated for the prevalence rates of various preoperative indications. Statistical analysis was used to identify characteristics associated with endometriosis among women undergoing hysterectomy for chronic pelvic pain. Categorical variables were analyzed with x 2 tests. Wilson-Binomial 95% CIs were calculated and P,.05 was considered significant for all analyses. A multivariable model was then developed using covariates that were statistically significant in bivariate analysis (age, parity, race, use of steroid or immunosuppressive drugs, concurrent preoperative indications of abnormal uterine bleeding, or fibroids, previous failure of alternative treatments, BMI, and prior pelvic surgery). Candidate covariates were reduced with stepwise backward and forward selection to arrive at the most parsimonious multivariate model. Model fit was assessed with C-statistics (concordance), Hosmer-Lemeshow goodness-of-fit tests, and quartile analyses of observed and predicted endometriosis rates. Correlation matrices were utilized to screen for collinearity. The final model was assessed for clinical feasibility and relevance. The only variable with greater than 10% missing was parity and this was excluded from final model development. Data analyses were performed using STATA 13.0 and SAS 9.4.
RESULTS
A total of 12,118 hysterectomies were performed during the study period. There were 1,155 excluded for cancer, 29 for obstetric indications, and 1,312 as a result of a vaginal approach. Of the 9,622 hysterectomies available for analysis: 3,768 (39.2%, 95% CI 38.2-40.1%) had a preoperative indication of chronic pelvic pain, 1,232 (12.8%, 95% CI 12.1-13.5%) had a preoperative indication of endometriosis, and 835 (8.7%, 95% CI 8.1-9.3%) had a preoperative indication of both chronic pelvic pain and endometriosis. A total of 5,457 (56.7%, 95% CI 55.7-57.7%) had other benign indications that did not include either chronic pelvic pain or endometriosis.
Based on review of the operative note and pathology reports, 15.2% of the 9,622 women who underwent laparoscopic or abdominal hysterectomy for benign indications were found to have endometriosis. The prevalence of surgically confirmed endometriosis varied based on the preoperative indication. Specifically, 21.4% (806/3,768) of women with a preoperative indication of chronic pelvic pain, 57.2% (705/1,232) of women with a preoperative indication of endometriosis, and 58.0% (484/835) of women with a preoperative indication of both chronic pelvic pain and endometriosis had visual or pathologic evidence of endometriosis at the time of hysterectomy (Fig. 1) . The incidence of surgically confirmed endometriosis in women without a preoperative indication of chronic pelvic pain or endometriosis was 8.0% (434/ 5,457). Among women with a preoperative indication of endometriosis but no chronic pelvic pain, 55.7% (221/397) were found to have endometriosis at the time of hysterectomy (Table 1) .
We then investigated women who underwent hysterectomy with a preoperative indication of chronic pelvic pain to describe preoperative characteristics associated with the presence of endometriosis at the time of hysterectomy as well as the effect of endometriosis on intraoperative findings (Table 2) . Those women found to have endometriosis at the time of hysterectomy were younger and of lower parity than those not found to have endometriosis. Nonwhite race and use of steroids or immunosuppressive drugs were associated with a decreased odds of having endometriosis at the time of hysterectomy. Increasing BMI was also associated with decreased risk of endometriosis. This was significant for BMIs of 30-40, and the effect was even more pronounced for those with BMIs greater than 40. Women who had previously undergone pelvic surgery or had failed an alternative therapy had an increased risk of having endometriosis at the time of hysterectomy. Specifically, having failed hormonal therapy or having failed pain management was associated with an increase in odds of having endometriosis. Having failed an intrauterine device was not a significant risk factor for endometriosis, but the number of patients in this group was very small.
Women with chronic pelvic pain who had surgically confirmed endometriosis at the time of hysterectomy were more likely to have both moderate and severe adhesions. They also had a 2.03 (95% CI 1.71-2.40) increase in odds of undergoing concurrent oophorectomy. In total, 47.4% (n5773) of women with chronic pelvic pain found to have endometriosis underwent concurrent oophorectomy compared with 33.3% (n52,867) of women with chronic pelvic pain who did not have endometriosis. Although a large number of oophorectomies was performed for women with chronic pelvic pain found to have endometriosis at the time of hysterectomy, only 22.4% of these women had an endometrioma confirmed by pathology. Women with larger uteri were less likely to have endometriosis, and this was significant for any weight Unauthorized reproduction of this article is prohibited.
higher than 250 g. Surgical complications, estimated blood loss, operating room time, and the rate of conversion to laparotomy were not significantly different between those with and without endometriosis. The multivariable model in Table 3 identifies factors independently associated with endometriosis among women with chronic pelvic pain undergoing hysterectomy. Younger age, decreasing BMI, white race, and previous failure of an alternative treatment remained significant risk factors associated with a higher likelihood of surgically proven endometriosis. Those with a concurrent preoperative indication of abnormal uterine bleeding or fibroids had a lower likelihood of endometriosis. Parity, chronic use of CPP, chronic pelvic pain; OR, odds ratio; CI, confidence interval; BMI, body mass index; IUD, intrauterine device; EBL, estimated blood loss. Data are n (%) unless otherwise specified. * Categorical variables were assessed for significance using x 2 tests. steroids or other immunosuppressive drugs, and a history of a previous pelvic surgery were not significant and were dropped from the final multivariate model. The C-statistic is 0.655, and the Hosmer-Lemeshow x 2 statistic indicated appropriate goodness of fit (P,.227).
Finally, we evaluated the location of endometriosis at the time of hysterectomy for women with pelvic pain. As shown in Table 4 , the most common locations for endometriosis were on the uterus, fallopian tubes, and ovaries or in the pelvis. Involvement of the bladder or ureter, bowel, or implants outside of the pelvis or omentum were less common.
DISCUSSION
In our study, fewer than 25% of women undergoing laparoscopic or abdominal hysterectomy for chronic pelvic pain had endometriosis at the time of surgery, as determined by a systematic review of the operative findings and pathology report. The low rate at which endometriosis is found among women undergoing major extirpative surgery for chronic pelvic pain is important to consider when counseling patients. Even with a preoperative diagnosis of endometriosis, 42.8% did not have endometriosis at the time of hysterectomy.
This underscores prior reports that persistent or recurrent pain in patients with a history of endometriosis does not correlate with the presence of endometriosis at the time of repeat surgery. 17 The rate of unexpected endometriosis in women undergoing laparoscopic or abdominal hysterectomy for benign indications, excluding chronic pelvic pain or endometriosis, was 8.0%. Younger age, white race, lower BMI, and previous failure of another treatment were associated with a higher likelihood of identifying endometriosis at the time of hysterectomy in women with chronic pelvic pain.
In our analysis, nearly 40% of women undergoing hysterectomy for benign indications had a preoperative indication of chronic pelvic pain. This suggests that chronic pelvic pain may be more common than the previously reported prevalence of 10-32% in women undergoing hysterectomy. This may be attributable to an increase in the prevalence of chronic pelvic pain, improved documentation, or a relative decline in the number of hysterectomies performed for abnormal uterine bleeding given improved medical and procedural treatments. 18 The exclusion of vaginal hysterectomies in our study may have affected the prevalence of chronic pelvic pain as a preoperative indication.
Our findings regarding the prevalence of endometriosis in women with chronic pelvic pain are consistent with other studies. However, our analysis is unique because it is limited to findings at the time of hysterectomy. Howard 19 found the prevalence of endometriosis to be 28% in women with chronic pelvic pain, similar to the prevalence in our cohort of women with chronic pelvic pain undergoing hysterectomy (21%). Other estimates range widely from 2% to 82%. 20 Previous studies have also examined preoperative characteristics associated with endometriosis in reproductive-aged women, although not specifically at the time of hysterectomy for chronic pelvic pain. Unauthorized reproduction of this article is prohibited.
Lower BMI has been associated with an increased risk of endometriosis 11 in reproductive-aged women and this is consistent with our findings. Many studies have examined the relationship between alcohol or tobacco use and endometriosis in reproductive-aged women with mixed results. 14, 15, 21, 22 There was no relationship between these habits and the presence of endometriosis at the time of hysterectomy in our study.
Women with chronic pelvic pain undergoing hysterectomy who were found to have endometriosis were twice as likely to undergo concomitant oophorectomy as compared with those without endometriosis. However, only 22.4% of these women were found to have ovarian endometriomas. Oophorectomy has not been shown to consistently reduce the risk of recurrent pelvic pain among women undergoing hysterectomy for chronic pelvic pain, 23, 24 even among women with endometriosis. 25 Our data did not account for women who requested oophorectomy or had severe adhesive disease. Nevertheless, the high rate of oophorectomy in this population is concerning given the known health benefits of ovarian retention. 26 This study has several limitations. We cannot ensure all practitioners used the same definition of chronic pelvic pain, and the completeness and accuracy of operative reports and clinic documentation cannot be verified. In addition, the visual diagnosis of endometriosis is often inaccurate when compared with histology, 27 and we cannot guarantee that each surgeon performed a systematic exploration of the pelvis or consistently documented the presence or severity of endometriosis or adhesive disease in the operative record. Data regarding oophorectomy were limited to the presence or absence of ovarian tissue on pathology report without specifying whether one or both ovaries had been removed. Vaginal hysterectomies were excluded from analysis and this may have influenced the frequency of the preoperative indications and the prevalence of endometriosis found in our data set. Lastly, the population and practice patterns in the state of Michigan may not be applicable to other geographic regions.
Strengths of this study include a large and diverse patient population from both community and teaching hospitals throughout the state of Michigan. The data collection methodology allowed for a detailed analysis of preoperative characteristics and intraoperative findings. Further investigations are needed to determine whether the preoperative risk factors for endometriosis in women with chronic pelvic pain are associated with persistent pain after hysterectomy or whether they affect patient satisfaction.
